Data obtained from national probability sample surveys provide important information on the prevalence of various health conditions and distributions of physical and biochemical characteristics of the U.S. population. The sample design of a survey specifies how sampling from a designated population over a stated period is to be accomplished. A survey's analytical objectives and interests-in particular subpopulations-affect the sample design strategy. Selected subdomains of the population often must be oversampled so that estimates can be made with acceptable precision. This article addresses sample design considerations for a national probability sample for human tissue monitoring and specimen banking. Among the sampling issues addressed are the oversampling of special populations e.g., minority groups and at-risk groups such as low income or elderly persons; geographic coverage; and sample size considerations. The sample design for a major health survey, the Third National Health and Nutrition Examination Survey (NHANES ll), is used to illustrate a complex, multistage probability sample design and to highlight some of the sampling issues discussed in this article. -Environ Health Perspect 1 03(Suppl 3): 55-60 (1995) 
Introduction
National probability sample surveys provide important information on the prevalence of various health conditions and distributions of physical and biochemical characteristics of the United States population as well as providing data on the relationship between risk factors and selected conditions (1, 2) . Recent advances in industrial technology have resulted in the release of a diverse number of toxic substances into the environment resulting in an increasing interest in monitoring and assessing the exposure of the human population to environmental pollutants. The collection of human tissue samples as part of national sample health surveys could provide a unique source of data to help establish public health priorities in environmental health and to help define guidelines for the prevention of environment-related diseases. Further, tissue specimen banks could be useful for future epidemiologic and risk assessment studies and for evaluation of public health prevention efforts. The design and conduct of current and previous national probability health surveys could help guide the development of national surveys for human exposure assessment. This article addresses sample design considerations for a national probability sample for human tissue monitoring and specimen banking. Among the sampling issues addressed are defining the sampling frame and sampling units; stratification; sampling of special populations (e.g., minority groups and at-risk groups); geographic coverage; and factors affecting sample size and its allocation over regions, subdomains, and strata. The Third National Health and Nutrition Examination Survey (NHANES III) is used to illustrate a complex, multistage sample design for a major health survey and to highlight some of the sampling considerations discussed in this article.
Survey Design Issues
The planning of national probability sample surveys requires survey designers to address a number of complex issues. Sample design is only one of several interrelated aspects involved in designing a sample survey. In an attempt to achieve an efficient and economic sample design, the sample designer must have knowledge of the objectives to be served by the survey's results. Thus, the development of a well-defined set of goals and objectives is the first, and perhaps, most critical, task of planning a national sample survey for human exposure assessment because it determines the alternatives for the sampling units and frame, the actual sample design and selection procedures, and estimation methods.
Other important issues that must be addressed when designing a sample survey indude defining the target population about which estimates are to be made, including any subdomains of the population and the level of precision desired for the estimates (total and subdomain estimates). In addition, the geographic coverage for the survey must be determined. A number of operational issues also must be considered in the design of a survey, including the types of data to be collected, the methods for obtaining the needed survey data, the design and contents of questionnaires, and the time frame in which the survey is to be conducted. Further, for environmental risk assessment, issues surrounding the long-term storage and management of biologic specimens must be addressed. Finally, sources of potential nonsampling error (e.g., nonresponse and noncoverage) should also be anticipated and efforts made to minimize their impact on survey estimates. After consideration of these issues, along with the resources available to conduct the survey, the sample design for the survey can be developed.
Sample Design Issues
The sample design for a survey includes the sampling plan; the set of procedures by which the sample is selected from the target population; the estimation procedures, the Environmental Health Perspectives set of algorithms for estimating population values from the sample and estimating the reliability of the estimates (3, 4 More specifically, the probability of selecting a sample person from each frame used must be determined and any duplication of persons on multiple frames must be accounted for. Therefore, matching of frames becomes an important operation. A study to investigate the use of SSA files to oversample elderly minorities in the National Health Interview Survey has been previously described (11) .
In many health surveys there is an interest in specific at-risk populations such as persons whose income is below the poverty level. This might be the case for environmental exposure as well. Therefore, oversampling geographic areas by income class might be a consideration. However, research has shown that poverty is not sufficiently concentrated for stratification and the oversampling of high-density poverty areas to make it cost effective (12) . The primary reason is that low-income persons do not live in sufficiently high areas of concentration. Furthermore, since the only source of data for stratification by income is the most recent decennial census, these data become outdated for intercensal years, especially towards the end of a decade. A further complicating factor is the poor quality of income reporting in screening interviews. Also, any oversampling procedure that has to rely on screening to identify low-income persons, by definition would need to be short and would then be subject to measurement error.
Previous research on sampling rare populations indicates that very high concentrations of the rare population must exist for differential sampling rates among strata to be effective (13) . Further, it has been shown that income class is an example of a subpopulation for which disproportionate sampling is not particularly effective (3, 14) .
To illustrate some of the sample design issues discussed in the previous sections of this article, the design of a major national health survey will be described in the next section. Although no one study can serve as the protocol for another since each has separate objectives, precision requirements, and budgetary constraints, some features of previous national probability sample surveys might be applicable to the design of a national survey for human exposure assessment. The design of the Third National Health and Nutrition Examination Survey (NHANES III) is therefore useful in illustrating a multistage area probability sample design as well as the oversampling of selected subgroups of the population. Table 1 ). The level of precision required for each subdomain was a relative standard error of 30% or less for a 10% statistic. In addition, we wanted to be able to detect differences of 10% with a Type I error of 0.05 or less and a Type II error of 0.10 or less. A description of the target population, expected sample sizes, stages of the hierarchical design, and estimation procedures are described briefly below.
Example of a National

Target Population
The NHANES III sample was designed to cover the noninstitutionalized population of the United States aged 2 months and older. Children under 5 years of age, adults aged 60 years and older, and both black and Mexican American persons are sampled at higher rates than other persons to provide reliable estimates for these important demographic subpopulations.
Sample Size
The sample size was fixed with regard to the resources available and the time period for the conduct of the survey. The sample size was determined in part from past NHANES experience taking into account patterns of nonresponse and the time required to conduct the examination portion of the survey. The desired sample size was 40,000 sample persons with 12,000 blacks, 12 ,000 Mexican Americans, and 16,000 whites and all others. Table 2 shows the sample sizes, by race/ethnicity, that are expected to be locate the desired Mexican Americans for the sample, area segments consisting of census block groups and enumeration districts are stratified by the percent of the population that is Mexican American, with a higher rate of selection used in strata containing 3% or greater Mexican American population. Households are also sampled at variable rates depending on the concentration of Mexican Americans within the stratum. Within households, children under 5 years, persons over 60, blacks, and Mexican Americans are oversampled. A detailed description of the NHANES III sample design has been previously published (1) .
Estimaion Procedures
The NHANES, like most sample surveys, experiences unit or total nonresponse despite special procedures designed to maximize response rates. For NHANES III, these procedures include extensive publicity in each survey location, a home examination especially targeted for the older population, a remuneration to all examined participants, and a report of major medical findings. Since NHANES includes both an interview and an examination component, two levels of unit nonresponse occur. That is, some persons randomly selected for the survey refuse to be interviewed and some who are interviewed refuse the examination portion of the survey. NHANES III-phase 1, conducted from 1988 to 1991, included 20,277 sample persons. In-person household interviews were conducted with 17,464 persons (86%) and physical examinations were conducted with 15,864 persons (78%). Table 4 shows the examination response rates for males and females by age and race/ethnicity. The examination response rate was highest for the two minority subgroups, and response rates decreased with increasing age for both males and females.
Two features of the NHANES III design must be taken into account in any analysis of the data collected. The first is the use of sample weights so that correct national population estimates can be produced. For NHANES III, the final analysis weights incorporate the selection probabilities and include adjustments for nonresponse. The nonresponse adjusted weights are further poststratified by age, gender, and race/ethnicity to account for noncoverage and to bring the final national estimates in line with known population counts. The weighting procedure for NHANES III has been previously described (23, 24) . The second feature of the design that must be taken into account is the strata and primary sampling units from the complex sample design to estimate variances and test for statistical significance.
Discussion
Currendy, no national data are available on the prevalence of exposure of the United States population to various toxic substances. A limited number of measurements for toxic substances have been done as part of the NHANES induding lead, cotinine, selected pesticides, cadmium, benzene, styrene, and a few others. Clearly, national probability surveys to determine the exposure to various toxic substances could help identify at-risk populations and establish prevention programs. Furthermore, biologic specimen banking could provide a valuable resource to permit future laboratory analyses for the prevalence of toxic substances of emerging importance with respect to disease risk and 
